Background: TP53 gene is one of the most important tumor suppressor genes. We undertook this meta-analysis to explore the association between TP53 Arg72Pro polymorphism and the risk of skin cancer mainly in Caucasians.
Introduction
According to epidemiology, skin cancer including melanoma and non-melanoma is the most common type of cancer in white populations [1] . Statistics show that the incidence of skin cancer has been increasing in Europe and the USA, especially melanoma, in the past two decades [2, 3] . Skin cancer has several histological subtypes, including melanoma, squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) [4] . Many studies indicate that ultraviolet (UV) exposure is a major risk factor of skin cancer development [5] [6] [7] . However, on the molecular level, the carcinogenic mechanism of UV has not been expounded yet.
TP53 gene is a tumor suppressor gene which can regulate cell cycle arrest, cell apoptosis and DNA repair [8] . Hence, it is called guardian of genome. Mutations of TP53 gene are the most common genetic abnormality found in many kinds of human cancers, such as lung cancer, colon cancer, gastric cancer, skin cancer, et al [9] . Arg72Pro polymorphism of TP53 gene is a G-C transversion at codon 72, resulting in an amino acid change from arginine (Arg) to proline (Pro) [10] . Studies have shown that TP53 gene plays an important role in the cellular genome protection from UV exposure [11, 12] . But the detailed molecular mechanism is unclear.
Many studies in recent years have investigated the association between TP53 Arg72Pro polymorphism and the risk of skin cancer, but their results remain inconclusive. Thus, we performed this meta-analysis of all eligible case-control studies that have been published to help us for a better understanding of the influence of TP53 Arg72Pro polymorphism.
Methods

Publication Search
We searched PubMed for publications up to March 2013, using the terms "TP53," "polymorphism," and "skin cancer."
The search was performed without any restrictions on language. Besides, we searched the reference lists of reviews and retrieved articles manually. When the same patient population appeared in several articles, we chose the largest sample size or the most recent one.
Inclusion Criteria
The selected studies must have met the following major criteria: (1) well-designed case-control studies to evaluate TP53 Arg72Pro polymorphism and the risk of skin cancer; (2) skin cancer was diagnosed by pathology; (3) containing useful genotype frequencies; and (4) the distribution of genotypes among controls were in Hardy-Weinberg equilibrium.
Exclusion Criteria
The exclusion criteria included: (1) the genotype frequencies or number not presented; (2) animal studies, reviews, case reports, abstracts and family-based studies; (3) duplication of a previous publication.
Data Extraction
Two investigators extracted information from eligible studies independently, according to the inclusion and exclusion criteria above. Disagreements were resolved by discussion or a third investigator. The following information was collected: first authors, publication year, ethnicity, characteristics of cases and controls (mean age, distribution of gender), histological type of cases, genotyping method, number of genotypes and total number of cases and controls.
In the paper of Rizzato et al the non coding strand has been genotyped, so we inverted the genotypes in his paper.
Statistical Analysis
The strength of the association between TP53 Arg72Pro polymorphism and the risk of skin cancer was evaluated by pooled odds ratios (ORs) with 95% confidence intervals (CIs). The pooled ORs for dominant model (Arg/Arg + Pro/Arg versus Pro/Pro), recessive model (Arg/Arg versus Arg/Pro + Pro/Pro), codominant model (Arg/Arg versus Pro/Pro and Arg/Pro versus Pro/Pro) and the allele contrast (Pro allele versus Arg allele) were calculated, respectively. Stratified analyses were performed by ethnicity and histological type of skin cancer. The heterogeneity assumption was assessed by the Chi-squarebased Q-test. If P<0.05 of the Q-test which indicated heterogeneity, the random-effects model was used to calculate the pooled ORs. Otherwise, the fixed-effects model was adopted. The Z test was applied to determine the pooled OR with the significance set at P<0.05. Potential publication bias was estimated by Begg's funnel plot [13] and Egger's test [14] . P>0.05 meant no significant publication bias. All above statistical analyses were performed with the STATA software, version 12.0 (StataCorp, College Station, TX, USA). Power analysis was performed using the Power and Sample Size Calculation (PS) program (http://biostat.mc.vanderbilt.edu/wiki/ Main/PowerSampleSize) [15] .
Results
Study Characteristics
A total of 165 papers were obtained by the publication search published until March 2013, among which twenty met the inclusion criteria [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] (Figure S1 ). The ultimate twenty studies were all in English, involving 5276 skin cancer cases and 5315 controls. The main characteristics were summarized in Table 1 .
Most of the studies (16 of 20) were conducted in Caucasians. Of the twenty case-control studies, four only focused on melanoma [24, [29] [30] [31] , five on SCC [17, 20, 22, 34, 35] and two on BCC [26, 33] . Four studies investigated both SCC and BCC [16, 21, 27, 32] . Two explored melanoma, SCC and BCC [18, 25] . Two studies investigated non-melanoma skin cancer, without subtype specified [19, 28] . And one explored skin cancer, histological subtype not mentioned [23] . The publication year was from 2000 to 2012. The sample sizes ranged from 43 to 1643. All cases were pathologically confirmed. The controls were healthy populations and matched for age, gender and ethnicity. All polymorphisms in the controls were in Hardy-Weinberg equilibrium.
Meta-analysis Results
As shown in Table 2 (Figure 1-5) . Power calculations on the pooled frequencies indicated that the statistical powers were all lower than 80% for all the above meta-analyses.
In the stratified analysis by histological types of skin cancer, there was no evidence of a significant association between codon 72 polymorphism of TP53 gene and the risk of melanoma, SCC and BCC. Similar results were found in the stratified analysis by ethnicity. Different from other subgroups, power calculations on the SCC gene models were all more than 80%, which revealed adequate sample sizes ( Table 2) .
Publication Bias
The publication bias was assessed by Begg's funnel plot and Egger's test. The shape of the funnel plots was seemed symmetrical and the results of Egger's test were not significant in all the genetic models (Pro/Pro versus Arg/Arg, Pro/Arg versus Arg/Arg, Pro/Pro + Pro/Arg versus Arg/Arg, Pro/Pro versus Arg/Arg + Pro/Arg, Pro allele versus Arg allele), which indicated no publication bias. Figure 6 shows Begg's funnel plot of overall Pro/Pro versus Arg/Arg. In the stratified analyses by ethnicity and histological types, neither Begg's funnel plot nor Egger's test presented any obvious evidence of publication bias (data not shown). These results indicated no publication bias in our meta-analysis. 
Discussion
TP53 tumor suppressor gene plays an important role in the cell cycle arrest and activation of programmed cell death [8, 36] . Mutations of TP53 gene have been detected in 50% of all human cancers and in almost all skin carcinomas [37] . Studies have proved that inactivation of TP53 gene involves in the induction of skin cancer by UV radiation [11, 12, 38] . The most common polymorphism of TP53 gene locates at codon 72, which is a G-C transversion, causing an amino acid change from arginine (Arg) to proline (Pro) [10] . The functions of the two polymorphic variants of TP53 gene are different. According to the study conducted by Dumont et al, the Arg72 variant induces cell apoptosis markedly better than the Pro72 variant does [39] . Recently, many studies have explored the association between TP53 Arg72Pro polymorphism and the susceptibility of skin cancer, but their conclusions are contradictory. Hence, we performed this meta-analysis to further investigate the influence of TP53 Arg72Pro polymorphism on the development of skin cancer.
The results suggested that no significant association between TP53 Arg72Pro polymorphism and the risk of skin cancer in any genetic model (Pro/Pro versus Arg/Arg, Pro/Arg versus Arg/Arg, Pro/Pro + Pro/Arg versus Arg/Arg, Pro/Pro versus Arg/Arg + Pro/Arg). In the stratified analysis by ethnicity and histological types of skin cancer, there was no evidence of a significant association, neither. Our results were similar to the meta-analysis conducted by Jiang in 2011 [40] .
However, the results of our meta-analysis should be interpreted with caution. Except SCC subgroup, most of the power calculations on the pooled frequencies were lower than 80%, which demonstrated inadequate sample sizes.
This meta-analysis also had some limitations. First, given that only twenty studies were included, publication bias could potentially exit, even though we tried to find as many studies as we could, carefully assessed the literature and used statistical methods to minimize the publication bias, and no statistically significant publication bias was observed in this meta-analysis. Second, in the stratified analyses by ethnicity, most studies were conducted in Caucasians, and information about other ethnicities, such as African, was insufficient. Thus, more studies with larger sample size and high quality, especially for non-Caucasian populations are needed to demonstrate our TP53 Arg72Pro Polymorphism and Skin Cancer PLOS ONE | www.plosone.orgconclusions in the future. Finally, the case-control study belongs to retrospective research that has methodological deficiencies. Despite of limitations, this meta-analysis indicated that TP53 Arg72Pro polymorphism probably had little association with the risk of skin cancer mainly in Caucasians. Nevertheless, it is still necessary to conduct larger size and better-designed studies to explore TP53 Arg72Pro polymorphism as low statistical powers. 
